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BIOCONVERSION OF STARCH INTO PROTEIN 
STARCHY SUBSTRATES 
~ -starchy-mätëTiälCmore specifically cassava and sago in 
tropical regions, are of great interest owing to both their 
high productivity per unit area and excellent rate of conversion 
to microbial protein by a large number of fast growing micro- 
organisms. 
For food production, the question arises if it is better 
to cultivate a protein-rich plant of relatively low productivity 
or a highly productive starch-rich plant, being settled that 
starch can be transformed into protein at an average rate of 
25%. Table 1 clearly demonstrates that it is more promising, 
from the aspect of food supply, to cultivate starchy plants for 
supplying both calorie and protein. 
LIQUID FERMENTATION 
The problem is to ascertain which are the processes available 
for transforming starch into protein by microorganisms. Much 
work was carried out recently in this field, but available 
processes are essentially based on liquid fermentation technology. 
They can be classified into three groups: 
.x 
1) Two-step processes - starch hydrolysis using amylolytic 
enzymes, amylase or amyloglucosidase, then yeast culture 
on hydrolysate: these processes require sterilisation 
and aseptic conditions. 
2) One-step processes with two organisms - one amylolytic 
fungus and one yeast, known as the Symba Processi 
sterilisation and aseptic conditions are required too. 
3) Direct growth of filamentous fungus to produce biomass; 
some processes are described that do not require 
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and fermentation w i l l  a l s o  requi re  s l i g h t  modif icat ions i n  terms 
of r e t en t ion  t i m e s .  
hence making 
Starch polymer 
Glucose 
Ethanol 
1,111 kg x 2 x 116 
180 92 
' r l l l  kg 116 = 715.9 l i t res  
180 
Theore t ica l ly ,  715.9 l i t res  of e thanol  can be produced from a 
tonne of s ta rch .  
i 
L- 
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Table 1. Product iv i ty  of Some Foodcrops 
Crop Yield t / ha  
Pro te in  
t /ha  
Protein-r ich p l an t s  
Soybean 
Sunflower 
Horse bean 
I 
1.8 
2.5 
3.2 
0.6 
0.6 
0.9 
Pea 3 .0  0.75 
Rapeseed 3.0 0 . 7  
Cereals  
Corn 6 . 0  1 . 9  
Wheat 5 .0  1 . 7  
Starch p l an t s  
( a )  Ca s s ava 
sago (b)  
12.0 
14.5 
3.0 
3.5 
(alcassava p o t e n t i a l i t y  i s  ca lcu la ted  on t h e  bas i s  of 
(b) Sago production i s  ca lcu la ted  on t h e  b a s i s  of extensive 
40  t /ha  of f r e sh  roo t s  
c u l t i v a t i o n ,  with spacing of 6 m between palms and a y i e l d  
of 500 kg of crude meal per t runk a f t e r  8 years .  
s t e r i l i s a t i o n  and a s e p t i c  conditions.  The most i n t e r e s t -  
ing f ea tu re  i s  t h e  f a c i l i t y  of harvest ing t h e  biomass; 
on t h e  o the r  hand, filamentous fungi increase  t h e  
v i scos i ty  of t h e  l i qu id .  
Technically,  a l l  t hese  processes e x i s t  and a r e  q u i t e  feas ib le .  
They provide biomass with high content i n  pro te in  of exce l l en t  
n u t r i t i o n a l  qua l i t y .  However t h e  pro te in  cos t  i s  not competit ive 
with conventional p ro te in  production because of t h e  high c a p i t a l  
investment and energy demand, and t h e  low p r i ce  of conventional 
pro te in ;  but  t h i s  l a s t  po in t  could be changed i n  t h e  fu tu re  i f  
U 
1 t h e  pro te in  shortage happens, o r  i f  palm o i l  competes with soya 
o i l .  
The l i qu id  processes a r e  mainly used i n  s t a rch  f a c t o r i e s  
when it i s  important t o  t r e a t  t h e  e f f l u e n t  i n  order  t o  avoid 
t o o  much pol lu t ion  of t h e  environment; i n  t h i s  case ,  t he  p r i c e  
of t h e  subs t r a t e  i s  negative.  
, 
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SOLID FERMENTATION 
Another promising technology i s  s o l i d  fermentation, so 
ca l l ed  i n  con t r a s t  with l i q u i d  fermentation. Sol id  fermentation 
i n  Southeast Asia i s  exemplified by many t r a d i t i o n a l  fermentations,  
e.g. tempeh, r a g i ,  k o j i .  However, t hese  fermentations do not  
increase  t h e  p ro te in  content ,  bu t  r a t h e r  improve accep tab i l i t y ,  
d i g e s t i b i l i t y  o r  f lavour  of t h e  food. 
Knowledge of s o l i d  fermentation i s  not  as advanced a s  t h e  
l i q u i d  fermentation. Nevertheless,  Hessel t ine f o r  tempeh proces- 
s ing  and Stanton f o r  cassava fermentation ca r r i ed  ou t  very 
i n t e r e s t i n g  and important researches i n  t h i s  f i e l d  of s o l i d  
fermentation. Since 1 9 7 4  I have inves t iga ted  a t  ORSTOM t h e  
p o s s i b i l i t y  of low technology processes t o  enr ich t h e  p ro te in  
content i n  s ta rchy  ma te r i a l s  by d i r e c t  growth of fungi i n  s o l i d  
fermentation, i n  order  t o  obta in  a product containing not  neces- 
s a r i l y  a very high p ro te in  content but  enough t o  make it usable  
f o r  animal feeding,  v i z .  15-20%. 
A t  f i r s t ,  I f i t t e d  up a s o l i d  fermentation method of cu l tu re  
f o r  studying microbial ,  physiological  and biochemical aspec ts  
of t he  growth of fungi  i n  such a s o l i d  fermentation. The pr in-  
c i p l e  of t h e  technique i s  based on t h e  homogeneous d i s t r i b u t i o n  
of spores and mineral  s a l t s  i n  t h e  mass of t h e  s ta rchy  mater ia l  
put i n  s u i t a b l e  form. The preparat ion of a porous granulated 
mater ia l  with adequate pH, temperature and moisture content  i s  
e s s e n t i a l  t o  ensure good aera t ion  and f a s t  growth of mycelium 
a l l  i n  t h e  mass. 
The coarsely ground raw mater ia l  with 30-35% moisture i s  
maintained a t  70-80°C f o r  1 0  minutes by gen t l e  steaming i n  order  
t o  g e l a t i n i s e  s t a rch  granules;  a f t e r  cool ing t o  4OoC, t h i s  steamed 
I 
subs t r a t e  i s  mixed with water containing t h e  inoculum of spores  9 
and mineral  sa l t s  t o  55% moisture content .  For labora tory  
purposes w e  adopted a very simple incubator  (Figure 1 ) .  This  
method has a l ready been worked out  with a v a r i e t y  of s ta rchy  
ma te r i a l s ,  namely cassava, whole pota toe ,  potato waste from 
i n d u s t r i a l  fecula  works and banana re fuse .  W e  have not  t r i e d  
sago y e t ,  but  I th ink  it would be i n t e r e s t i n g  t o  t es t  t h i s  
s ta rchy  mater ia l .  The r e s u l t s  a r e  reported i n  Table 2 .  
L 
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Figure 1. Laboratory Design for Solid State Fermentation 
Experiments were performed with a selected strain of 
Aspergillus niger , having high amyloiytic activity and suitable 
amino-acid composition. Many amylolytic fungi, particularly 
among strains used in Asian traditional fermentations for human 
consumption, were successfully tested by this technique with 
comparable results. This method does not require aseptic 
Table 2. Protein Enrichment from Several Starchy Substrates 
s Initial Product Final Product 
Substrate Protein Carbohydrate Protein Carbohydrate 
- g/100 g DM ~ ____ 
Cassava 2.5 90 18 30 
Banana 6.4 80 20 25 
Banana waste 6.5 72 17 33 
Potato 5 90 20 35 
Potato waste 5 65 18 2 8  
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Figure 2 .  Growth of t h e  Fungus i n  Starchy Substrate  during 
Sol id  S t a t e  Fermentation 
A : t o ;  B : t = 8 h ;  C : t = 1 2 h ;  D : t = 1 6 h ;  
E : t = 2 0 h ;  F : t = 2 4 h .  
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condi t ions,  s e l e c t i v e  growth of t h e  fungus r e s u l t i n g  from ac id i c  
pH, l o w  moisture content and heavy spore inoculat ion.  
I want t o  show you a series of photographs demonstrating 
t h e  development of t h e  fungus in s ide  t h e  s t a rch  subs t r a t e ,  with 
t h e  a id  of scanning e l ec t ron  microscopy (Figure 2 ) .  
From laboratory experimentation, equipment was designed 
f o r  t h e  s o l i d  s t a t e  enrichment process a t  t h e  p i l o t  s ca l e  
(Figure 3 ) .  
Figure 3. P i l o t  Scale Fermentor f o r  Protein Enrichment 
by Sol id  Culture  ( 2 0 0  kg DM capaci ty)  
A l l  t h e  operat ions a r e  conducted i n  a commercial bread- 
making blender modified f o r  t h e  purpose. Steaming and ae ra t ion  
a r e  performed by passing steam o r  a i r  through t h e  perforated 
bottom of t h e  tank. 
probes w a s  designed t o  keep s u i t a b l e  pH, moisture and temperature; 
t h i s  cont ro l  system i s  ac t iva ted  by t h e  temperature sensor a s  
soon a s  temperature reaches t h e  set point .  
A simple cont ro l  system using conventional 
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Figure 4 .  Kinet ics  Evolution during Sol id  S t a t e  Fermentation 
Of Potato Waste i n  P i l o t  Experimentation. 
Figure 4 represents  t h e  k i n e t i c s  of a fermentation on pota to  
w a s t e ,  with pro te in  production, r e s idua l  sugars and moisture.  
The curve marked by crosses  i s  of spec ia l  i n t e r e s t ;  it shows 
t h a t  during a fermentation of 30 hours,  t h e  mechanical mixing 
and spraying had t o  operate  f o r  f i v e  hours only,  i nd ica t ing  a 
low expenditure of power, a f a c t  of obvious importance i n  regard 
t o  production cos t  by s o l i d  s t a t e  fermentation and t o  i t s  eeo- 
nomical f e a s i b i l i t y  a t  a low-level u n i t  operation. 
Present ly  a fermentor u n i t  of one cubic m e t r e ,  capaci ty  
250 kg d ry  mat te r ,  i s  t e s t e d  i n  a pota to  f ac to ry  f o r  pro te in  
enrichment of wastes. This equipment w i l l  be used f o r  l a r g e  h 
scale n u t r i t i o n a l  and tox ico logica l  t e s t i n g  on t a r g e t  animals 
(p ig ,  poul t ry)  and f o r  t h e  determination of t h e  ac tua l  investment 
and operat ion cos t s .  It i s  intended t h a t  t h e  experimentation 
w i l l  be extended t o  t r o p i c a l  count r ies ,  i n  order  t o  adapt t h e  
procedure t o  l o c a l  c l imat ic  and agroeconomic condi t ions and 
a l s o  t o  d i f f e r e n t  p o t e n t i a l  s ta rchy  subs t r a t e s  l i k e  cassava, 
banana and sago f o r  animal feeding purposes. 
i 
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VALUE OF STARCH FERMENTATION 
When we compare biomass production by liquid fermentation 
and protein enrichment by solid fermentation, we are surprised 
that the rate of conversion of starch into protein and the growth 
rate of the fungus are quite similar; the solid technology being 
very simple would have to be more competitive. Finally, starch 
is a very promising substrate for the future and starchy products 
will certainly become essential from the aspect of solar energy 
storage and fuel or food energy supply. 
ORSTOM: Office de la Réchèrche Scientifique et Technique 
Outre-Mer (Overseas Scientific and Technical 
Research Bureau) 
230 
THE ROLE OF LACTOBACILLI I N  STARCH ASSISTED FERMENTATION 
YEOH Quee Lan 
J 
MICROORGANISMS k 
Microorganisms have long been employed by man f o r  t h e  preser- 
va t ion  of raw mater ia l s  f o r  food. Especial ly  i n  t h e  t r o p i c s  
where t h e  warm ambient condi t ions favour t h e  rap id  growth of 
microorganisms, man has t o  wage a constant  b a t t l e  t o  preserve 
h i s  food supply aga ins t  spoi lage organisms. On t h e  o the r  hand, 
by manipulating t h e  condi t ions of growth, it i s  poss ib le  t o  e l i -  
minate spoi lage organisms and encourage t h e  p r o l i f e r a t i o n  of 
t h e  des i red  microflora.  Food fermentation i s  not  without i t s  
hazards and unless  ca re fu l  cont ro l  of t h e  fermentation condi t ions 
a re  maintained, problems of microbial  food poisoning may r e s u l t  
(Stanton and Yeoh 1978).  
Lac t ic  ac id  b a c t e r i a  
Only a few spec ies  of microorganisms a r e  important i n  foad ~ 
fermentations.  The l a c t i c  ac id  b a c t e r i a  a r e  a group which plays 
a major r o l e  i n  many food fermentations.  They may be found i n  I 
t h e  commensal f l o r a  of many h a b i t a t s  (Table l ) ,  but  t h e i r  common 
c h a r a c t e r i s t i c  i s  t h a t  they are ab le  t o  produce l a c t i c  ac id  as  
t h e  major end product. 
The l a c t i c  ac id  b a c t e r i a  a r e  genera l ly  recognised as consis t -  
ing  of " G r a m  pos i t i ve ,  non-sporing, carbohydrate fermenting l a c t i c  ' 
ac id  producers, ac id  t o l e r a n t ,  of non-aerobic h a b i t  and c a t a l a s e  
negat ive,  t y p i c a l l y  they are non-motile and do not  reduce n i t r a t e "  
(Ingram 1 9 7 3 ) .  
two subgroups defined by t h e  products of glucose fermentation. 
A l l  s t r a i n s  which produce 1.8 moles of l a c t i c  ac id  per mole of 
~ 
Physiological ly ,  t h e  l a c t i c  ac id  b a c t e r i a  can be divided i n t o  
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